The authors studied the effects of antioxidant diet supplementation with an almond-based beverage on neutrophil antioxidants, nitrite, and protein oxidative alterations after exercise. Fourteen trained male amateur runners were randomly assigned in a double-blind fashion to receive antioxidant supplementation (152 mg/d vitamin C and 50 mg/d vitamin E) or placebo using an almond-based beverage for 1 mo and participated in a half-marathon race. Blood samples were taken before and after the half-marathon and after 3 hr recovery. Supplementation significantly increased basal neutrophil vitamin C compared with placebo (p < .05). Exercise increased neutrophil vitamin E levels in the supplemented group and decreased vitamin C in both groups after recovery (p < .05). Neutrophil catalase and glutathione peroxidase gene expression and nitrite levels were significantly increased as result of exercise (p < .05). Nitrotyrosine and protein carbonyl derivates increased only in the placebo group after exercise (p < .05), and these values remained high at recovery. No significant differences were evidenced in caspase-3 activity and DNA damage. Antioxidant supplementation with vitamins C and E reduced the exercise-induced oxidation of proteins in neutrophils, without altering the antioxidant adaptive response, as evidenced by the increased catalase and glutathione peroxidase gene expression.
Exercise increases production of reactive oxygen species (ROS) in accordance with enhanced oxygen utilization (Clarkson & Thompson, 2000) . Neutrophils play an important role in defense against infections, the inflammatory response, and muscle repair (Coleman, 2001; Tidball, 1995) . Neutrophils display a respiratory burst when activated, in which large amounts of superoxide anion are produced by the enzyme complex NADPH oxidase to kill the engulfed bacteria (Quinn & Gauss, 2004) . However, ROS are also capable of reacting with cellular structures, and they are important mediators of cellular damage. Low to moderate concentrations of ROS produced during nonexhaustive exercise act as signals that regulate important molecular events in cell adaptations to exercise (Ji, 2007; Ji, Gomez-Cabrera, & Vina, 2006) .
Nitric oxide (NO) produced by NO synthases acts as a potent regulator of vascular tone, a cytotoxic agent, and a neurotransmitter (Suhr et al., 2009) . High NO amounts are released by the inducible isoform (iNOS) in response to inflammatory stimuli that are involved in host defense against pathogens. Exercise has been also evidenced to increase NO production (Bode-Boger, Boger, Schroder, & Frolich, 1994; Niess et al., 2000) . NO itself is a relatively nonreactive radical; however, it is able to react with superoxide anion to form peroxynitrite, which is capable of reacting with tyrosine in proteins to form 3-nitrotyrosine. A specific protein modification such as nitration of a tyrosine residue may affect the protein function.
The antioxidant vitamins C and E may prevent exercise-induced oxidative damage (Evans, 2000; Sacheck & Blumberg, 2001 ) and diminish postexercise oxidative stress (Sureda et al., 2004) . Antioxidant vitamins are able to act against superoxide anion, preventing the generation of peroxynitrite. Vitamin C has been shown to preserve the iNOS cofactor tetrahydrobiopterin (BH 4 ), preventing its oxidation. This activity also prevents the formation of superoxide anion derived from molecular oxygen reduction in the absence of BH 4 (Bevers et al., 2006; Kuzkaya, Weissmann, Harrison, & Dikalov, 2003) . Synergistic effects have been described between vitamin C and E in the defense against oxidative stress (Packer & Obermüller-Jevic, 2002) . In fact, it has been suggested that vitamin C is capable of recycling vitamin E radical to vitamin E (Kanter, 1998) . Several redox-sensitive signal-transduction pathways play an important role in the adaptation to exercise. These signaling pathways sensitive to the intracellular redox environment can be activated by oxidative stress (Allen & Tresini, 2000; Ji et al., 2006) . An optimal ROS level is essential for the cellular adaptation www.IJSNEM-Journal.com ORIGINAL RESEARCH to oxidative stress. Consequently, supplementation with high doses of antioxidants can result in the suppression of the ROS source that may attenuate not only oxidative damage but also the cell's ability to adapt under exercisederived oxidative stress (Gomez-Cabrera, Domenech, & Vina, 2008; Peternelj & Coombes, 2011) . We hypothesized that supplementation with lower levels of antioxidant vitamins could reduce the oxidative damage induced by intense exercise without blocking the function of ROS as cellular messengers. In this work, we aimed to study the effects of moderate antioxidant supplementation with a carbohydrate-electrolyte beverage containing almond (rich in vitamin E) and orange juice (rich in vitamin C) on neutrophil antioxidant response, NO production, and protein and DNA oxidation induced by one bout of intense exercise-a half-marathon.
Materials and Methods

Subjects and Study Design
Fourteen male volunteer trained amateur runners were informed about the study risks and signed a consent form in accordance with the Declaration of Helsinki. The protocol was approved by the Ethical Committee of Clinical Investigation of the University of Balearic Islands, Spain. Participants did not take any antioxidant dietary supplement or medication for 1 month before the study; they were all nonsmoking and did not drink alcohol during the study period. A prior physical examination ensured that each participant was in good health. The physical characteristics of the participants are shown in Table 1 .
The athletes were randomly assigned in a doubleblind fashion to one of two treatment groups: antioxidantsupplemented (n = 7) or nonsupplemented (placebo, n = 7). Vitamin C and E supplementation was administered to athletes using a new almond-based isotonic energy beverage.
The almond beverage was a carbohydrate-electrolyte solution containing almond and orange juice. The procedure for making the beverage comprised the following stages: (a) bleaching the almonds, (b) crushing the almonds in water, (c) centrifuging the mixture to eliminate insoluble materials, (d) adding orange juice, and (d) sterilizing the mixture. Antioxidant vitamin concentrations (10 mg/100 ml vitamin E added as α-tocopherol acetate and 30.4 mg/100 ml vitamin C) were corrected before final packaging by adding the corresponding nutrients in solid form or as sterile solutions. The vitamin levels in the beverage were quantified using the same techniques that were used to determine the same vitamins in neutrophils. The resulting beverage contained 48.3 kcal/100 ml, 203 kJ/100 ml, 1.9% lipids, 6.8% total sugars, 1.0% proteins, 1.8 mg/100 ml calcium, 4.2 mg/100 ml magnesium, 12.8 mg/100 ml sodium, 33.7 mg/100 ml potassium, 69.7 μg/100 ml iron, and 44.5 μg/100 ml zinc. To avoid beverage influence, nonvitamin-enriched almond-based isotonic energy beverage was given to the placebo group. The nonenriched almond beverage contained just a trace of vitamin E and C due to the loss of antioxidant vitamins during the sterilization of the beverage mixture (UHT treatment). The quality of the formula was optimized considering variables such as flavor and acidity by using methods of sensory evaluation. The almond-based beverage was manufactured by Liquats Vegetals S.L. (Viladrau, Gerona, Spain). Subjects consumed 0.5 L of the beverage daily for 1 month before the race day. After 1 month, subjects participated in a halfmarathon race (21-km run). Two hours before the race all subjects consumed a specific breakfast comprising a sandwich (50 g bread, 25 g turkey or ham, 20 g tomato, 20 g lettuce, 8 g butter), 125 ml of coffee, 125 ml of milk, and water ad libitum. During the race, only water was available for consumption at checkpoints along the racecourse. Until 3 hr after finishing the race, subjects were allowed to consume 500 ml of water.
Venous blood samples were obtained from the athletes' antecubital vein in suitable Vacutainers at 8 a.m. of the race day after 12 hr overnight fasted conditions (prerace), immediately after the race (postrace), and 3 hr after finishing the race (3-hr recovery). Neutrophils were obtained from the blood following Boyum's method (Boyum, 1964) . A known blood volume was carefully introduced on Ficoll in a proportion of 1.5:1 and was then centrifuged at 900 g, 18 °C for 30 min. The precipitate containing the erythrocytes and neutrophils was incubated at 48 °C with 0.15 M ammonium chloride to hemolyze the erythrocytes. The suspension was centrifuged at 750 g, 4 °C for 15 min, and the supernatant was then discarded. The neutrophil phase at the bottom was washed first with ammonium chloride and then with phosphate buffer saline, pH 7.4. Finally, the neutrophils were lysed with distilled water. 
Dietary Intake
To ensure that the observations would represent differences due to the vitamins C and E intake instead of random changes, in particular dietary-intake changes, the usual dietary habits of each participant were assessed using a self-reported 7-day 24-hr recall for the first week of the study. A well-trained dietitian verified and quantified the food records. All food items consumed were transformed into nutrients using a self-made computerized program based on the Spanish (Mataix et al., 2003) and European (Feinberg, Favier, & Ireland-Ripert, 1995) food-composition tables and complemented with food-composition data available for Majorcan food items (Ripoll, 1992) .
Determination of Serum Biochemical Parameters
Glucose, urea, uric acid, creatinine, and bilirubin concentrations were determined in serum by standard procedures using an autoanalyzer (Technicon DAX System, Tarrytown, NY; Parera et al., 1996) .
Determination of Vitamin C
Vitamin C was determined in deproteinized neutrophils by an HPLC method with electrochemical detection (Dhariwal, Washko, & Levine, 1990) . Immediately after neutrophil purification, cell suspensions were deproteinized with 30% trichloroacetic acid containing 2 mM EDTA. After complete precipitation of the proteins, the samples were centrifuged for 5 min at 15,000 g, 4 °C. Appropriate volumes of deproteinized neutrophil suspensions, previously diluted 1:1 with distilled water, were injected into the HPLC system. The mobile phase consisted of 0.05 M sodium phosphate, 0.05 M sodium acetate, 189 μM dodecyltrimethylammonium chloride, and 36.6 mM tetraoctylammonium bromide in 25/75 methanol/water (v/v), pH 4.8. The HPLC system was a Shimadzu with a Waters Inc. electrochemical detector and Nova Pak C18, 3.9 × 150-mm column. Chromatographic potential detection was set at 0.7 V versus an Ag/AgCl reference electrode.
Determination of Vitamin E
Vitamin E was extracted from neutrophil lysates using n-hexane after deproteinization with ethanol containing 0.2% butylated hydroxytoluene . Vitamin E concentration was determined after drying the samples under nitrogen current and dissolving in methanol. The mobile phase consisted of 550:370:80 acetonitrile :tetrahydrofuran:H 2 O. The HPLC system was a Shimadzu with a diode-array detector and a Nova Pak C18, 3.9 × 150-mm column. Vitamin E was determined at 290 nm.
Determination of Nitrite
Nitrite levels were determined in neutrophils by acidic Griess reaction using a spectrophotometric method. Lysed neutrophils were deproteinized with acetone and kept overnight at -20 °C. The protein carbonyls present in the sample or standard were derivatized to dinitrophenylhydrazine (DNP) hydrazone and probed with an anti-DNP antibody, followed by an HRP-conjugated secondary antibody. The nitrotyrosine and protein carbonyl content in samples were determined by comparing with a standard curve prepared from predetermined nitrated BSA standards and reduced and oxidized BSA standards, respectively. The detection sensitivity limits were 20 nM for nitrotyrosine and 0.4 nmol/mg for protein carbonyls. The intra-assay coefficient of variation and the interassay coefficient of variation were 6% and 10.5%, respectively, for nitrotyrosine and 4.5% and 8% for protein carbonyls.
Antioxidant-Enzyme Gene Expression
The gene expression of the antioxidant enzymes responsible for hydrogen peroxide deactivation catalase and glutathione peroxidase (GPX) was determined by real-time polymerase chain reaction (PCR) with 18S ribosomal as the reference gene. First, mRNA was isolated from neutrophils by phenol-chloroform extraction (Tripure Isolation Reagent, Roche Diagnostics, Basel, Switzerland). cDNA was synthesized from 1 mg total RNA using reverse transcriptase with oligo-dT primers. Quantitative PCR was performed using a LightCycler instrument (Roche Diagnostics) with DNA-master SYBR Green I. Target cDNAs were amplified as follows: 10 min, 95 °C followed by 40 cycles of amplification. The specific primers and amplification conditions used for each gene are presented in Table 2 . The relative quantification was performed by standard calculations considering 2 (ΔΔCt) . mRNA levels at the beginning of the stage of the placebo group were arbitrarily referred to as 1.
Caspase-3 Activity
Caspase-3 activity as a marker of apoptosis was measured by spectrophotometric assay using the synthetic tetrapeptide DEVD-pNa (Asp-Glu-Val-Asp-nitroanilide) as the specific substrate for this enzyme. Samples or blanks were placed in a 96-well plate. After addition of the substrate the plate was incubated at 37 °C for 1 hr. DEVD-dependent protease activity was assessed by detection of the free pNA cleaved from the substrates by determining the absorbance at 405 nm in a Shimadzu UV-2100 spectrophotometer.
Comet Assay
Assessment of DNA damage was carried out using the alkaline comet-assay method. Briefly, slides were prepared by adding purified neutrophils mixed with 06% low-melting-point agarose. To release the DNA, cells were lysed by immersing slides in lysing solution (25 mol/L NaCl, 100 mmol/L EDTA disodium salt, 10 mN Tris, 1% Triton X-100 and 10% DMSO, pH 10) at 4 °C for 40 min. After removal from the lysing solution, the slides were placed in an electrophoresis trough containing an alkaline electrophoresis buffer (300 mmol/L NaOH, 1 mmol/l EDTA). A current of 25 V and 300 mA was applied for 30 min. The slides were then removed and Tris-buffer 0.4-mol/L adjusted to pH 7.5 with concentrated HCl was added to the slides to neutralize excess alkali. DNA was stained by adding ethidium bromide. Comet measurements were made by image analysis using a fluorescence microscope equipped with an excitation filter of 450-490 nm and a barrier filter of 520 nm and the Comet software (TriTek CometScoreTM). Images of 50 random nuclei were taken at 200× magnification and analyzed for each sample. The comet measurements that were recorded and subsequently used for analysis were percentage DNA in tail (tail intensity) and tail moment (tail intensity × tail length). All biochemical determinations were performed in duplicate.
Statistical Analysis
Statistical analysis was carried out using SPSS 15.0 for Windows. Results are expressed as M ± SD, and p < .05 was considered statistically significant. All the data were tested for normality (Kolmogorov-Smirnov test).
The statistical significance of the data was assessed by two-way analysis of variance (ANOVA). The statistical factors analyzed were diet supplementation with vitamins C and E and half-marathon. When significant effects were found, a Student's t test for unpaired data with Bonferroni correction for multiple comparisons was used to determine the differences between the groups.
Results
No significant differences between the placebo and supplemented groups were observed in anthropometric and nutritional parameters after the beginning of the study except for the vitamin C and E intakes (Table 1) . Total antioxidant vitamin intake (diet plus beverage) in the supplemented group was 60.0 ± 1 mg/day for vitamin E and 278 ± 27 mg/day for vitamin C, whereas in the placebo group it was 14.8 ± 1.2 mg/day and 162 ± 29 mg/day, respectively. Serum biochemical parameters-glucose, urea, uric acid, creatinine, and bilirubin-are presented in Table 3 . No significant differences were evidenced in any of the analyzed parameters.
Vitamin C was considerably increased in neutrophils from the supplemented group as a result of diet supplementation (Table 4) . Neutrophils of both groups significantly increased their vitamin C content at postrace. In the placebo group, vitamin C levels returned to basal values after 3-hr recovery, whereas in supplemented group its values remained high. Vitamin E levels were not affected by diet supplementation. However, the half-marathon significantly increased the neutrophil vitamin E concentration in both placebo and supplemented groups, and that was also kept high after recovery. Vitamin E levels' rise at postrace and after recovery was more pronounced in the supplemented group than in the placebo group. Catalase and GPX gene expression (Table 4 ) significantly increased about threefold in both groups at recovery (p < .05), without significant differences between groups.
Nitrite levels determined in neutrophils (Table 5 ) significantly increased in both placebo and supplemented groups after exercise (57% and 49%, respectively; p < .05), returning to basal values at recovery. Nitrotyrosine *Significant differences with respect to prerace values. †Significant differences with respect to postrace values. ‡Significant differences between supplemented and placebo, p < .05, two-way ANOVA. Differences were corrected by sequential Bonferroni's test.
Discussion
The current results reveal that the antioxidant supplementation with moderate levels of antioxidant vitamins, by means of an almond-based beverage as a vehicle, reduced protein oxidation after a half-marathon without affecting the increase in antioxidant-enzyme gene expression. Moderate antioxidant supplementation did not avoid the redox-sensitive pathways related to the antioxidant adaptation to exercise. In recent years, the effects of dietary antioxidant vitamin supplementation on mechanisms involved in detoxifying exercise-induced ROS, as well as the induction of oxidative damage, have been given special attention. All runners participating in the study presented similar dietary habits, which allowed us to study the specific effects of vitamins C and E diet supplementation. The lack of differences in vitamin C and E intake between groups, except for the antioxidant supplementation, indicated that the higher basal vitamin C levels in neutrophils of the antioxidant-supplemented group after the intervention was a direct consequence of the supplement intake. The diet supplementation or exercise did not evidence any differences in serum biochemical parameters such as glucose, urea, uric acid, creatinine, and bilirubin. Both antioxidant vitamin concentrations increased after exercise and recovery, with a more evident rise in the supplemented group. It was evidenced that antioxidant-enzyme activities decreased after exercise, and the activation of vitamin C and E uptaken was probably a mechanism to protect the neutrophils from oxidative damage Tauler et al., 2002) . It is well established that regular exercise training induces adaptive responses that enable improved exercise performance (Korzeniowska-Kubacka, Bilinska, & Piotrowicz, 2007; Nicks, Morgan, Fuller, & Caputo, 2009 ). These adaptive responses include the NFκB pathway, which activates target genes related to antioxidant defenses (Vina, Borras, Gomez-Cabrera, & Orr, 2006) and iNOS . According to this exercise-induced response, the half-marathon resulted in increased neutrophil nitrite production and in the expression of both catalase and GPX after the race, 3 hr into the recovery period. It has been recently reported that high levels of antioxidant supplementation could reduce the ROS function as cellular messengers through redoxsensitive signaling pathways (Ji et al., 2006) . However, in the current study the moderate levels of antioxidants administered to the runners did not affect the cellular response, since during exercise the cellular oxidant-antioxidant homeostasis was activated. Moderate supplementation with antioxidant vitamins seems not to inhibit the antioxidant adaptive response of neutrophils to maintain the exercise. However, in another study, we reported that iNOS levels significantly decreased in neutrophils after exhaustive exercise such as a 5-day cycling competition (4 hr cycling per day) for professionals . The different trend observed between studies could be related to the different degree of exercise intensity and duration. After 4 hr of exhaustive exercise, neutrophils from cyclists seemed to be partially immunosuppressed, reducing their nitrite production.
The increase in neutrophil protein carbonyl derivates and nitrotyrosine in the placebo group indicated that the neutrophil antioxidant system was not sufficient to prevent the protein oxidation induced by exercise. This increase could impair the performance, integrity, and metabolism of cells (Sacheck & Blumberg, 2001) . Therefore, oxidative damage after the race could impair neutrophil immune function, thus reducing the effectiveness of the immune defense. Several data suggest that peroxynitrite is formed in the extracellular space after increased release of both superoxide and NO from contracting muscle (McArdle, Pattwell, Vasilaki, Griffiths, & Jackson, 2001; Pattwell & Jackson, 2004) . Peroxynitrite can react with tyrosine residues of proteins to generate nitrotyrosine derivates. In the current study, the generation of free radicals after exercise can be also produced by the action of the enzyme xanthine oxidase or by activation of neutrophils and phagocytes, which can contribute to the increased oxidation processes. It is interesting to note that, with similar amounts of neutrophil nitrite, the levels of peroxynitrite and protein carbonyl were lower in the supplemented group. Antioxidant supplementation was capable of preventing protein damage without changes in protein carbonyl derivates and nitrotyrosine levels after the exercise and recovery, suggesting potential benefits of this supplementation on neutrophil immune response. In the supplemented group, the lower peroxynitrite levels and also the protein oxidation could be a result of the lower superoxide anion because of its deactivation by antioxidants, reducing its possible reaction with NO. The current results are in accordance with those of other authors reporting that exogenous antioxidant supplementation with different antioxidant formulas attenuates oxidative-stress biomarkers such as protein carbonyl groups, malondialdehyde, or 8-hydroxydeoxyguanosine (Bloomer, Davis, Consitt, & Wideman, 2007; Goldfarb, Bloomer, & McKenzie, 2005; Lamprecht, Oettl, Schwaberger, Hofmann, & Greilberger, 2009 ). However, a previous work reported that acute antioxidant supplementation in the form of consuming dark chocolate (with high polyphenol content) may affect insulin, glucose, antioxidant status, and oxidative-stress responses (enhanced preexercise antioxidant status and reduced by trend postexercise plasma free F 2 -isoprostanes) after cycling for 2.5 hr at 60% maximal oxygen uptake but has minimal effects on neutrophil function (Davison, Callister, Williamson, Cooper, & Gleeson, 2012) . Other studies with vitamin C supplementation during 2 weeks reported that supplementation provides little to no protection against the depression of neutrophil function after exercise (Davison & Gleeson, 2005 ). In the current study, we did not measure neutrophil function, so more studies are necessary to determine if vitamin C and E supplementation can not only prevent oxidative damage but also ameliorate the diminished immune response after exercise. The excessive production of ROS after exhaustive exercise may result in oxidative modification of nucleic acids, and ROS can also activate apoptotic processes (Liu, Chen, & St. Clair, 2008) . Studies investigating the influence of physical activity on DNA damage reported inconsistent findings, probably due to the use of different exercise protocols or different training status of participants, although evident DNA damage seems to require strenuous exercise (Briviba et al., 2005; Niess, Hartmann, Grunert-Fuchs, Poch, & Speit, 1996; Tsai et al., 2001; Wagner et al., 2010) . The current results showed no significant effects of exercise on DNA damage, suggesting that the half-marathon together with the well-trained status of runners is not enough to induce significant damage in DNA. Spontaneous apoptosis is a crucial process for immune regulation, which is directly affected by ROS and by alterations in mitochondria integrity. Although acute, intense exercise increases the apoptotic rate (Tuan et al., 2008) , exercise training may prevent neutrophil apoptosis (Su, Jen, & Chen, 2011; Syu, Chen, & Jen, 2011) . The participants in the current study were well-trained athletes, and, consequently, they could have been protected against exercise-induced apoptosis.
The necessary ROS production to adapt an organism to exercise opened the question of the role of diet antioxidant in exercise. Attenuation of ROS production, by large-dose supplementation of antioxidants, could reduce oxidative damage but also block cellular adaptations to exercise. However, in the current study moderate antioxidant supplementation prevented oxidation of neutrophil proteins and allowed the cellular adaptive response to exercise as it has been evidenced by the increase in catalase and GPX gene expression and nitrite production, indicating that the adaptive response to exercise was not affected by the moderate intake of antioxidant vitamins.
